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Description 

METHOD FOR FORMING ORGANIC LIGHT-EMITTING 

LAYER 

Technical Field 

1 1 J The present invention relates to a method for forming an organic light-emitting 

layer, and more particularly to a method for forming an organic light-emitting layer on 
an industrial scale via chemical vapor deposition (CVD) or molecular layer deposition 
(MLD). 

[2] 

Background Art 

[3] Organic light-emitting layers arc commonly made of Mq wherein M is a metal 

0 

selected from aluminum, gallium and zinc, q is 8-hydroxyquinoline derivatives, and n 
is an integer of 1 to 3. 

[4] Among these, Alq^ is a compound having the structure shown in Fig. 1, and is a 

representative material for a light-emitting layer of an organic electroluminescent (EL) 
device. Conventional methods for forming a Mq layer on a substrate employ thermal 

D 

evaporation, which is a physical vapor deposition (PVD) process. 
[5] Thermal evaporation is a process wherein Mq molecules are fed into a reaction 

n 

furnace and then deposited on a substrate by heating to a high temperature. Although 
thermal evaporation has the advantage of easy formation of an Mq layer, it has the 
problems that the Mq layer is non-uniform and cannot be produced on a commercial 
scale. 

[6] 

Disclosure of Invention 

Technical Problem 

[7] Therefore, the present invention has been made in view of the above problems of 

thermal evaporation, and it is an object of the present invention to provide a method for 
forming an EL layer on an industrial scale by chemical vapor deposition or molecular 
layer deposition. 

[8] 

Technical Solution 

[9] In accordance with an aspect of the present invention for achieving the above 

object, there is provided a method for forming an EL layer by chemical vapor 
deposition, comprising the steps of: 

[10] 1) placing a substrate in a reaction chamber and maintaining the inner temperature 

of the reaction chamber at a specific reaction temperature; and 
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[11] 2) simultaneously feeding a metal-containing material and an 8-hydroxyquinoline 

derivative into the reaction chamber and reacting the raw materials. 

[12] If necessary, the method of the present invention may further comprise the step of 

removing unreacted raw materials and by-products by purging after step 2). 

[13] Further, step 2) can be optionally repeated twice or more to control the thickness of 

the final layer. 

[14] Further, the inner reaction temperature of the reaction chamber is preferably 

controlled to 15~500°C in order to increase the reaction rate and improve the charac- 
teristics of the layer. 

[15] Further, the metal-containing material and the 8-hydroxyquinoline derivative are 

preferably fed into the reaction chamber for 0. 1 seconds to one hour in order to 
increase the reaction rate and improve the characteristics of the thin layer. 

[16] In accordance with another aspect of the present invention, there is provided a 

method for forming a light-emitting layer by molecular layer deposition, comprising 
the steps of: 

[17] 1) placing a substrate in a reaction chamber and maintaining the inner temperature 

of the reaction chamber at a specific reaction temperature; 
[18] 2) feeding a metal-containing material into the reaction chamber and reacting the 

material with the substrate; and 
[19] 3) feeding an 8-hydroxyquinoline derivative into the reaction chamber and reacting 

the raw materials. 

[20J J f necessary, Ihe method of Ihe present invention may further comprise the step of 

removing unreacted raw materials and by-products by purging after step 2) and prior to 
step 3) or after step 3). The optional step is preferred in terms of shortened overall 
process time and improved characteristics of the final layer. 

[21] Further, steps 2) and 3) can be optionally repeated twice or more to control the 

thickness of the final layer. 

122] Further, the inner reaction temperature of the reaction chamber is preferably 

controlled to 1 5~500°C in order to increase the reaction rate and improve the charac- 
teristics of the thin layer. 

[23] Further, the metal-containing material and the 8-hydroxyquinoline derivative are 

preferably fed into the reaction chamber for 0. 1-500 seconds in order to increase the 
reaction rate and improve the characteristics of the thin layer. 

[24] In the chemical vapor deposition or molecular layer deposition employed in the 

method of the present invention, a purge gas selected from the group consisting of 
helium (He), hydrogen (H^), nitrogen (Np and argon (Ar) is supplied to the reaction 
chamber, and gases present in the reaction chamber are removed by suction using a 
vacuum pump disposed in the reaction chamber, thereby shortening the purging time 
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and thus shortening overall process time. 

[25] The purge gas is preferably supplied at a flow rate of 10-5,000 seem (standard 

cubic centimeters per minute) for 0.1-500 seconds. 

[26] Specific embodiments of the present invention will now be described in detail with 

reference to the accompanying drawings. Prior to the detailed description, it should be 
understood that terms and words used in the specification and claim(s) are not to be 
construed as having common or dictionary meanings, but should be interpreted as 
having meanings and concepts corresponding to the technical spirit of the present 
invention in view of the principle that the inventor can define proper terms in order to 
describe his/her invention as best possible. While embodiments described in the spec- 
ification and constitutions shown in the accompanying drawings are simply the most 
preferred embodiments of the invention, they do not completely include the technical 
spirit of the invention. Therefore, it should be understood that many modifications and 
equivalents capable of replacing the embodiments could be made on the filing date of 
the application. 

[27] 

Advantageous Effects 

[28] According to the method of the present invention, an organic EL layer having an 

uniform thickness can be formed on a substrate. Therefore, the method of the present 
invention can be usefully applied to the formation of an light-emitting layer on a large- 
area substrate. In addition, the method of the present invention can be directly applied 
to conventional production processes of organic EL devices. 

[29] 

Brief Description of the Drawings 

[301 The above and other objects, features and other advantages of the present invention 

will be more clearly understood from the following detailed description taken in 

conjunction with the accompanying drawings, in which: 
[31] Fig. 1 is the structural formula of Alq^(a representative material amongMq 's); 

[32] Fig. 2 is a diagram schematically showing a deposition apparatus used in a method 

of the present invention; 
[33] Figs. 3a and 3b show the structure of aluminum-containing materials used in 

examples of the present invention; 
[34] Fig. 4 shows the structure of 8-hydroxyquinoline derivatives used in examples of 

the present invention; 

[35] Figs. 5 to 6 show the respective steps of a method for forming an Alq^ layer 

according to Example 1 of the present invention; and 
[36] Figs. 7 to 14 show the respective steps of a method for forming an Alq layer 
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according to Example 2 of the present invention. 

[37] 

Best Mode for Carrying Out the Invention 

[38] First, a chemical vapor deposition or a molecular layer deposition apparatus 1 

employed in methods for forming Mq layers according to the following Examples 1 

D 

and 2 will be explained. Fig. 2 schematically shows the structure of the deposition 
apparatus used in methods for forming Alq layers (a representative layers among Mq 

3 n 

layers) according to Examples 1 and 2. 

139] The apparatus is provided with a reaction chamber 10 inside which a vacuum can 

be formed. A susceplor 20 capable of mounting a substrate 22 on a predetermined 
portion of the susceptor is arranged inside the reaction chamber 10. The substrate is 
introduced into the reaction chamber 10 and is mounted on the susceptor 20. A 
thermostat (not shown in this figure) is arranged in the reaction chamber 10 to maintain 
the inner temperature of the reaction chamber constant. 

[40] A raw material feed pipe 30 for feeding raw materials into the reaction chamber 10 

is connected to one side of the reaction chamber 10. A carrier gas supply pipe 40 for 
supplying a carrier gas to the reaction chamber 10 is connected adjacent to the raw 
material feed pipe 30. As shown in Fig. 2, it is preferred that the ends of the raw 
material feed pipe 30 and the carrier gas supply pipe 40 meet at an inlet port A of the 
reaction chamber 10 such that the raw materials and the carrier gas can be simul- 
taneously (CVD) or sequentially (MLD) introduced into the reaction chamber 10. 

[41] One or more vacuum pumps 50 for removing gases remaining in the reaction 

chamber 10 by suction are connected to the reaction chamber 10. In a specific case, the 
reaction chamber 10 can be evacuated by the action of the vacuum pumps 50. After 
completion of a predetermined step, unreacted raw materials and by-products can be 
removed by suction using the vacuum pumps 50. 

[42] 

[43] <Example 1> 

[44] In this example, a method for forming a light-emitting layer by chemical vapor 

deposition is described. 

[45] A substrate 22 (TTO coated glass, film or wafer) is mounted on a heating susceptor 

20 arranged inside a reaction chamber 10. Thereafter, the inner temperature of the 
reaction chamber 10 is maintained at a temperature suitable for reaction. The reaction 
temperature range is preferably room temperature to 500°C. As used herein, the term 
"room temperature" is defined as an ambient temperature between about 15°C and 
about 25°C. 

[46] After the inner reaction temperature of the reaction chamber 10 is stabilized, a 
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metal-containing material and an 8-hydroxyquinoline derivative are fed into the 
reaction chamber 10. The metal-containing material is selected from aluminum-, 
gallium- and zinc-containing materials. The aluminum-containing material is selected 
from the sixteen compounds shown in Fig. 3 and the compounds listed in Table 1 
below. The aluminum-containing material is vaporized before being fed into the 
reaction chamber 10. 
[47] [Table 1] Structure of aluminum-containing materials 
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General formula 
R1R2R3AI 


Preferred structural formulae 

Aifiles. A!Lt3, Alirrg, Airr3, AUDU3. A 1 DU3 . AISDU3. AIidUg, 
AIFI13, AlMe 2 Bt. AlMe 2 Pr, AlMe 2 iPr ; AlMe 2 Bu ; ALMe 2 iBu, 
AlMessBu, AlMe 2 tBu. AlMeEt 2 , AIMeFr 2 , AlMeiPr 2 , AlMeBife, 
AlMciBu 2l AlMcsBu 2 , AlMctBu 2 . AlEtoiPr, ALEt 2 Pr, AlEt 2 rBu, 
AlEt 2 Bu, AlEtoiBu, Al£t 2 sBu, Me 2 AlH, Et 2 AlH, iBugAlH, 
PrcAIH. iPr 2 AlK : sBu 2 Alh\ tBu2AlH 


Al(acac) 3 . AI(tmhd) 3 , Al(hfac) 3 . Al(tfac) 3 , Al(fod) 3 


AIF3. A1C1 3> ALBr^, AU 3 , Al(NMe 2 ) 3 , A1(NEL 2 ) 3 , Al(NEi3fe) a , 
Al(0iPr) 3j AKOEt ) 3 , Al(0tBu) 3 , AL(0Mc) 3 , 
Al(rocthylpcntoxy) 3 . Al(draamp) 3 , Al(dmamb) 3 


Me 2 AlF, Me 2 AlCL. Me 2 AlBr, Me 2 AlI, Et 2 AlF. EtzAlCL Et 2 AIBr. 
Kt 2 A 1 1 • MeAILI 2; KtAILU 


Et 2 Alcac.. EtjjAlCp, Et 2 AlN 3 , Me 2 Alcac f Me 2 AlCp, Me^AlK 3s 
Mec A 1 v .\Me 2 / , bt 2 A i\ fv\ie 2 ) , Me2A 1 L Meup ) . f»e 2 A \\ n, t Lp ) , 
Ue 5 Al(iPrCp), EtzAKMeCp), Et 2 Al(EtCp), Et 2 AI( iPrCp) , Me 2 Al 
(dimeLhylaminomethylpropoxy) , Me 2 A1 

(d i methyl ami nomet hyi butoxy) , F.t 2 AI (dmamp) , Et 2 Al (dmamh) t 
MecAlOiPr. Me 2 A10tBu 


R1R2R5AI -XRJ^Rfi 


Compounds prepared by bonding NR4R5R6 to any one of the 
compounds R1R2R-AI 


Mc^N, Mc 2 EtN, Et 3 N. pyridine, iPr 2 NH s iPr 3 N, Mc 2 NCHvCH 2 NMc 2 


RiR 2 R3Al:R 7 N(Cl^Ro) a 


Compounds prepared by bonding Ry^CR^R^ to any one of 
the compounds RiR 2 R 3 AI 


melhy lazir idine, elhy laz i r idine . raelhylazet idine, 
ethy I azet idine, raethylpyrrol idine r ethy Ipyrrol idine . 
nie thy I p i per i d i ne , e t hy I p i per i d i ne ; me thy I hexaine t hy 1 erie i - 
mi ne , e t hy 1 hexamet hy 1 ene i mi ne , me t hy 1 mor pho 1 i ne : , 
ethylmorphol ine. dimethyLDiperazine, diethyoiperazine. 



[49] [continued] 
[50] 
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General 
formu 1 a 


Preferred structural formulae 


RiR^AlIlrNR^sRe 


Compounds prepared by bunding NK4R5R6 lo any one of RiR 2 AIH 
among the compounds R1R2R3AI 

NEtMe 2 , NMes> NEt 3 , Pyridine, NiPr 3 , iPrKIl, methy laz i r idine, 

ethyiazir idine, methy lazet idine, ethylazet idine, 
methylpyrrol idine, ethylpyrrol idine , methylpiper idine, 
e t hy 1 p i per i d i ne , me t hy 1 hexamet hy I ene i m i ne , 
cthylhcxamcthylcnc irainc, mcthylmorphol inc, cthy Iraorphoi inc, 
diraethvlDioerazine . diethyloioerazine 


lbA|:NK 4 RA 


NRiRsKe = Mil Ilea. NMe 3f NKt 3 , Pyridine, NiPr 3 . iPrNII, 

Mc l »NCHoCHl»NMc^ , mc t hy 1 az i r i d i nc , c t hy I az i r i d i nc , 

methylazet idine, ethylazet idine. methylpyrrol idine, 
ethylpyrrol idine , mer.hy 1 piper idine , ethyipi per idine . 
me t hy 1 hexamet hy I ene i m i ne , e t hy 1 hexaroe t hy 1 ene i m i ne , 
mc t hy 1 morpho i i nc , c L hy 1 mor pho 1 i nc , d i rac i hy i p i per az i nc , 
diethvlDiDerazine 


Ai OAr 


MeaAlOPh-4-Ph. Me 2 A 1 0Ph-2-Ph . Me 2 A 1 0Ph-3-Ph , 
MesAlO-^^'-MeaPh, Me 2 AIO-3,3'-lBu 2 Ph, MeaAlO-2,2 ' -iPr 2 Ph, 
MesAlO-SiPhs, Et 2 AlOPh-4-Ph, Et 2 AlOPh-2-Ph, Et*AlOPh-3-Ph, 
Et 2 AlCH3,3 ! -Mc 2 Ph, Et 2 A!0-3,3'-tBu 2 Ph, Er 2 A10-2,2 "-iPr 2 Ph, 
Et 2 A10-SiPh 3 . MeEtAlOPh-4-Ph. MeEtAl0Ph-2-Ph. MeEtAl0Ph-3-Ph, 
McEt A 1 0-3 , 3 ' -Mc 2 Ph McEt A 1 0-3 . 3 ' - 1 Ru 2 Ph , McEt A 1 0-2 ? 2 ' - i Pr 2 Ph : 
MeEiA10-SiPh 3 , Compounds wherein Ar is as defined above, and 
RiR 2 is NMe 2? NEt 2 . NEtMe, OiPr, OtBu, dmamp, draamp or 0MP 
Cmethvluroaoxv) 



Next, the gallium-containing material is selected from compounds represented by 
Formula 1 below and the compounds listed in Table 2. 
<Formula 1> 

1) RRRGa 

2) R R R Ga:NR R R 

1 2 .1 4 5 6 

3) 

R 2 -^Ga:N(C \ 
fh Re 
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[57] wherein R ( to R^, which may be the same or different, are each independently 

hydrogen, alkyl, alkenyl, alkynyl, aryl, cycloalkenyl, amino- or alkoxy- 
substituted alkyl, alkylamino, alkoxy, halogen, beta-diketone, aminoalkoxy, 
alkoxyalkoxy, dialkoxy, or azido; and n is an integer of 2 to 7. In the substituents R j to 
R^, the alkyl groups may have a linear, branched, or cyclic structure. The compounds 
1-2) and 1-3) are those wherein each nitrogen-containing amine compound is bonded 
to a gallium compound. The amine compound may be tertiary amines or a 3-, 4-, 5-, 6- 
or 7-membered heterocyclic amine compound. Preferred gallium-containing materials 
are listed in Table 2 below. 

[58] [Table 2] Structure of gallium-containing materials 
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General formula 


Preferred structural formulae 




GaMe 3y GaE-t 3 . GaiPr 3 . GaPr 3 , GaiBu 3 . GaBu 3 . GasRu 3 . GatBu 3 . 
GaPhs 

GaMe2Ei , Gaide 2 Pr t GaMe 2 iPr, GaMe 2 Bu, GaMe 2 iRu ? GaMe 2 sBu, 
GaMe 2 tBu, GaUeEt 2 , GaMePr 2 , GaMeiPr 2; GaMeBu 2 . GaMeiBu 2 , 
GaMesBu 2 , GaMetBu 2 . GaEl 2 iPr, GaEl 2 Pr, GaEl 2 lBu. GaEt 2 Bu, 
GaEt 2 iBu . GaEl 2 sBu 


Ga(acac) 3 , Ga(tmhd) 3: Ga(hfac) 3 , Ga(tfac) 3 , Ga(fod) 3 


GaF 3 . GaCl 3; GaBr 3: Gal 3l Ga(XNe 2 ) 3 , Ga(NEt 2 ) 3j Ga(NEtMe) 3 . 
Ga(0iPr) 3 , Ga(0Et) 3 , Ga(0tBu) 3 . Ga(0Me) 3 , 
Ga (me I hy [ pe n t oxy ) 3 


Me 2 GaF , Me^GaCI , MesGaBr, MesGaJ , El 2 GaF, ElaGuCl . Et^aBr . 
EtgGaK McGaCl 2? EtGaCl 2 


Et^Gacac.. Et2GaCp, Et2GaN 3! Me2Gacac, feGaCp, Me2GaN 3 , 
MesGaCNMe?) : EtoGadVMeo) , Me 2 Ga(MeCp) . Me 2 Ga(EtCp). 
JfeGadPrCp), El 2 Ga(MeCp), Et 2 Ga(ElCp) , EuGa( iPrCp) , 
Me2Ga(dimelhy laminomethy Ipropoxy) , Me 2 Ga 
(d i me i hy I am i nome I hy 1 bu I oxy ) . El 2 Ga ( dmamp ) . E t y Ga ( dmarab ) 




Compounds prepared by bonding NRjRsRe to any one of the 
compounds RiR^RsGa 


MeaN. Me 2 EtN, EI3N, pyridine. iPr 2 NH, NiPr 3 , fc 2 XCH*CHsNMe 2 


R.RpRsGa : R 7 N(CR3Rg) n 


Compounds prepared by bonding R7N(CR8R9) n to any one of 
the compounds RiR 2 R/ia 


melhy laz i r idine. elhyiazir idine, melhylazet idine, 
ethylazet idine, methylpyrro! idine, ethylpyrrol idine, 
met hylpi per idine.. cthyip i per idine r 
me t hy 1 hex ame t hy 1 ene i m i ne , e t hy I hexamet hy I ene i m i ne , 
met hylroorphol ine ; ethylmorphol ine ; dimerhylpiperazinR, 
d i et hv 1 0 i per a z i ne 



[60] 

161 J Next, the zinc-containing material is preferably selected from compounds 

represented by Formula 2 below and the compounds listed in Table 3. 
L62J <Formula 2> 

163J l)RRZn 

12 

164] 2) R R Zn:NR R R 

12 345 

[65] 3) R R Zn:R N(CR R ) 

1 2 6 7 8 d 
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[66] wherein to R g , which may be the same or different, are each independently 

hydrogen, C i alkyl, alkenyl, alkynyl, aryl, cycloalkenyl, amino- or alkoxy- 
substituted alkyl, alkylamino, alkoxy, halogen, beta-diketone, aminoalkoxy, 
alkoxyalkoxy, dialkoxy, or azido; and n is an integer of 2 to 7. In the substituents R to 
R g , the alkyl groups may have a linear, branched, or cyclic structure. The compounds 
2-2) and 2-3) are those wherein each nitrogen-containing amine compound is bonded 
to a zinc compound. The amine compound may be tertiary amines or a 3-, 4-, 5-, 6- or 
7-membered heterocyclic amine compound. Preferred zinc-containing materials are 
listed in Table 3 below. 

[67] 

[68] [Table 3] Structure of zinc-containing materials 

[69] 
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(Joneral formula 


rit.lt.lll.il r* 1. r 1 n.l.lJ irJ 1 Km niUMi. 


RjR 2 Zn 


ZnMe 2f ZnEt 2j ZnPr 2? ZniPr 2 , ZnBu 2 , ZniBu 2 , ZnsBu 2 , ZntBu 2 .. 

ZnPh 2 , ZatoeEt, ZnMePr . ZnMeiPr. ZnMeBu, ZnMeiBu, ZnMesBu, 

ZnMetBu, ZnEtPr, ZnEtiPr. ZnEtBu. ZnEtiBu. ZnEtsBu, 
ZnRllRu. ZnPriPr. ZnPrBu. ZnPriBu. ZnPrsBu. ZnPrtBu. 


Zn(acac) 2; Zn(tmhd) 2 , Zn(hfac) 2 , Zn(Lfac) 2 , Zn(foc]) 2 


ZnF 2 , ZnCl 2j ZnBr 2 . Znl 2: Zn(NMe 2 ) 2: Zn(NEt 2 ) 2 , Zn(NEtMe) 2! 
Zn(.0iPr) 2; Zn(0Et) 2 . Zn(0tBu) 2 ., Zn(0Me) 2 , Zmmethy Lpentoxy) 2 


MeZnF. MeZnCl. MeZnBr, MeZnl , EtZnF. EtZnCl, EtZnBr. 
EtZnl . 


EtZnacac : EtZnCp, EtZnN 3s UeZnacac, McZnCp, McZnN 3 , 

mC£j11\ IMnCoJ : C-t AjH-N.tjCc/ , MC£flU«CLpyi ( tYlCZ,n L L I L>p y , 

MeZn(iPrCp), EtZn(MeCp), ELZn(EtCp) , EtZn(iPrCp), 
MeZn(d i methyl ami nomc thy 1 propoxy) , 

Me^n^aiaietnylaminometnylbutoxy; . brZnvdmarap.) . btZnCdmamb; . 
MeZnOiPr, MeZnOtBu , MeZnOPr, Ik&nOKu, NeZnOsKu. KtZnOiPr, 
EtZnOtBu. EtZnOPr. EtZnOBu. EtZnOsBu. 


RiR 2 Zn:NR3R4R5 


Compounds prepared by bonding NR3R4R5 to any one of the 
compounds RiR 2 Zn 


MeaN, Me 2 EcK. Et 3 N. pyridine, iPr 2 NH f NiPr 3 , Me 2 KCH 2 CH 2 NMe 2 


Ri R?Zn : Rr>N ( CR 7 Rft) „ 


Compounds prepared by bonding ReMCJ^Re):, lo any one of the 
compounds RiR 2 Zn 


methyfazir idine, ethylazi r idine, methylazet idine, 
erhylazet idine. merhylpyrrol idine, ethylpyrrol idine ; 
methylpi per idine, ethylpi per idine. 
methyl hexameihy lenei mine, elhy Ihexamethy leneimine, 
mcthylraorphol inc, cthylmorphol inc, dimcthy Ipipcraz inc f 
dielhylpiuerazine 



[70] The 8-hydroxyquinoline derivative is selected from compounds having the 

structures shown in Fig. 4. Since the metal-containing material and the 
8-hydroxyquinoline derivative have good vaporization characteristics, they can be 
easily used for chemical vapor deposition. In addition, since the raw materials show 
relatively stable vapor pressure characteristics, they can be produced on a commercial 
scale. 

[71] For the CVD process, The metal-containing material and the 8-hydroxyquinoline 

derivative are fed into the reaction chamber 10 simultaneously with or without a carrier 
gas for 0. 1 seconds to one hour. 

[72] In this example, the metal-containing material and the 8-hydroxyquinoline 
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derivative are fed into the reaction chamber 10 through the raw materials feed pipe 30 
and pipe 40, as shown in Fig. 2. Normally, it is used by a showerhead for the feed and 
the purge of the raw materials (not shown in Fig. 2). The raw materials introduced 
through the respective pipes meet at an inlet port A of the reaction chamber 10. The si- 
multaneous introduction of the carrier gas and the raw materials advantageously 
prevents the formation of particles due to reaction of the raw materials inside the raw 
material feed pipe. The flow rate of the carrier gas is preferably controlled to 1-5,000 
seem. 

The metal-containing material is reacted with the 8-hydroxyquinoline derivative in 
the reaction chamber 10 to form an Mq layer on the substrate 22. After formation of 

D 

the Mq^ thin layer on the substrate 22, a process for removing unreacted raw materials 
and by-products formed after the reaction is necessary. Considering the fact that raw 
materials are generally used in larger amounts than those needed for a reaction 
between the raw materials, a purging process is required to remove unreacted materials 
and by-products remaining in the reaction chamber 10 for subsequent reactions. 

In this example, the purging process is carried out in accordance with the following 
two procedures. First, unreacted raw materials and by-products present in the reaction 
chamber 10 are removed using vacuum pumps 50 connected to the reaction chamber 
10. Specifically, the vacuum pumps 50 absorb all gases present in the reaction chamber 
10 and discharge the gases to the atmosphere, to remove impurities present in Lhe 
reaction chamber 10. Disadvantages of this purging process are that the process is 
time-consuming and the removal of the unreacted materials and by -products is in- 
sufficient. 

Accordingly, it is preferred that gases remaining in the reaction chamber 10 are 
removed by suction using the vacuum pumps 50 while a purge gas is supplied to the 
reaction chamber 10 through the carrier gas supply pipe 30 and pipe 40. That is, the 
unreacted raw materials and by-products are discharged to the atmosphere through the 
vacuum pumps 50 while Lhe purge gas is supplied to lhe reaction chamber 10. The 
purge gas is preferably selected from helium (He), hydrogen (H^), nitrogen (N ), and 
argon (Ar). The purge gas is preferably supplied to the reaction chamber at a flow rate 
of 1 -5,000 seem for 1 -60 minutes. 

When the unreacted raw materials and by-products are completely removed from 
the reaction chamber 10, the method for forming an Mq layer by chemical vapor 

D 

deposition according to the embodiment of the present invention is completed. If 
necessary, the purging process can be repeated in such a manner that the Mq thin layer 
formed on the substrate has a desired thickness. 

Referring to Figs. 5 and 6, deposition of Alq^ on a substrate will be explained in 
more detail. 
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As shown in Fig. 5, an aluminum-containing material and an 8-hydroxyquinoline 
derivative are fed into a reaction chamber 10 in which a substrate 22 is located. As 
shown in Fig. 6, the aluminum-containing material is reacted with the 
8-hydroxyquinoline derivative while maintaining the reaction temperature constant to 
form an Alq^ layer on the substrate. After formation of the Alq^ layer on the substrate 
22, unreacted raw materials and by-products are removed from the reaction chamber 
by purging. 

A desired thickness can be obtained by controlling flow rates, temperatures, 
deposition time etc. 

<Ex ample 2> 

In this example, a method for forming an Akj 3 layer by molecular layer deposition 
is described 

A substrate 22 is mounted on a susceptor 20 arranged inside a reaction chamber 10. 
Thereafter, the inner temperature of the reaction chamber 10 is maintained at a 
temperature suitable for reaction. The reaction temperature range is preferably room 
temperature to 500 n C. As used herein, the term "room temperature" is defined as an 
ambient temperature between about 15°C and about 25 n C. 

After the inner reaction temperature of the reaction chamber 10 is stabilized, an 
aluminum-containing material is fed into the reaction chamber 10. The aluminum- 
containing material is selected from the sixteen compounds having the structures 
shown in Fig. 3 and some compounds are listed in Table 1 . The aluminum -containing 
material is vaporized before being fed into the reaction chamber 10. Since the 
aluminum-containing material has good vaporization characteristics, they can be easily 
used for molecular layer deposition. In addition, since the aluminum-containing 
material shows relatively stable vapor pressure characteristics, it can be produced on a 
commercial scale. The aluminum -containing material is preferably fed for 0.1 -500 
seconds. 

The aluminum-containing material may be fed alone or in combination with a 
carrier gas into the reaction chamber 10. In this example, the aluminum-containing 
material is fed into the reaction chamber 10 through a raw material feed pipe 30 while 
the carrier gas is supplied to the reaction chamber 10 through a carrier gas supply pipe 
40, as shown in Fig. 2. Normally, it is used by a showerhead for the feed and the purge 
of the raw materials (not shown in Fig. 2). The aluminum-containing material and the 
carrier gas introduced through the respective pipes meet at an inlet port A of the 
reaction chamber 10. The simultaneous introduction of the carrier gas and the 
aluminum-containing material advantageously prevents the formation of particles due 
to reaction of the raw material inside the raw material feed pipe. The flow rate of the 
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carrier gas is preferably controlled to 1 -5,000 seem. 

[86] The aluminum-containing material is fed into the reaction chamber 10 to form an 

atomic or molecular layer of the aluminum-containing material on the substrate 22. 
After formation of the atomic or molecular layer on the substrate 22, a process for 
removing unreacted raw materials and by-products formed after the reaction is 
necessary. Considering the fact that raw materials are generally used in larger amounts 
than those needed for a reaction between the raw materials, a purging process is 
required to remove unreacted materials and by-products remaining in the reaction 
chamber 10 for subsequent reactions. 

[87] In this example, the purging process is carried out in accordance with the following 

two procedures. First, unreacted reacted materials and by-products present in the 
reaction chamber 10 are removed using vacuum pumps 50 connected to the reaction 
chamber 10. Specifically, the vacuum pumps 50 absorb all gases present in the reaction 
chamber 10 and discharge the gases to the atmosphere, to remove impurities present in 
the reaction chamber 10. Disadvantages of this purging process are that the process is 
time-consuming and the removal of the unreacted materials and by-products is in- 
sufficient 

[88] Accordingly, it is preferred that gases remaining in the reaction chamber 10 are 

removed by suction using the vacuum pumps 50 while a purge gas is supplied to the 
reaction chamber 10 through the carrier gas supply 30 and pipe 40. That is, the 
unreacted raw materials and by-products are discharged to the atmosphere through ihe 
vacuum pumps 50 while the purge gas is supplied to the reaction chamber 10. The 
purge gas is preferably selected from helium (He), hydrogen (H^, nitrogen (N^), and 
argon (Ar). The purge gas is preferably supplied to the reaction chamber at a flow rate 
of 1-5,000 seem for 0.1 -1,000 seconds. 

[89J After removal of unreacted aluminum-containing material and reaction by-products 

from the reaction chamber 10, an 8-hydroxyquinoline derivative is fed into the reaction 
chamber 10 through the raw material feed pipe 40. Like the aluminum-containing 
material, the 8-hydroxyquinoline derivative is vaporized before being fed into the 
reaction chamber 10. The 8-hydroxyquinoline derivative may be fed alone, but is 
preferably fed into the reaction chamber 10 in combination with or without the carrier 
gas. The feeding conditions of the 8-hydroxyquinoline derivative are preferably the 
same as those of the aluminum-containing material. The 8-hydroxyquinoline derivative 
used in this example is selected from compounds having the structures shown in Fig. 4. 
Namely, the 8-hydroxyquinoline derivative is selected from 8-hydroxyquinoline, 
5-chloro-8-hydroxyquinoline 5 4- methyl- 8-hydroxyquinoline, and 
5,7-dichloro-8-hydroxyquinoline etc. 

[90] As described above, the 8-hydroxyquinoline derivative fed into the reaction 
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chamber 10 undergoes a surface reaction with the atomic or molecular layer of the 
aluminum-containing material, which is formed on the substrate 22, to form an Alq^ 
layer. After completion of the reaction, a purging process is again carried out in the 
same manner under the same conditions as the previous purging process to remove 
unreacted raw materials and reaction by-products. 

[91] The above procedure (one cycle) is repeated until the Alq^ layer is formed to a 

desired thickness on the substrate. 

[92] From Figs. 7 to 14, deposition of Alq^ on a substrate by using MLD will be 

explained in more detail. 

[93] As shown in Fig. 7, an aluminum-containing material is fed into a reaction chamber 

10 in which a substrate 22 is located. As shown in Fig. 8, the aluminum-containing 
material is reacted with the substrate while maintaining the reaction temperature 
constant to form an atomic or molecular layer of the aluminum-containing material on 
the substrate 22. After formation of the layer of the aluminum-containing material on 
the substrate 22, unreacted raw materials is removed from the reaction chamber by 
purging. As shown in Fig. 9, a quinoline derivative is fed into the reaction chamber 10. 
As shown in Fig. 10, the quinoline derivative is reacted with the layer of the 
aluminum-containing material to form an Alq^ layer on the substrate 22. Finally, 
unreacted quinoline derivative and by-products are purged. 

[94] This procedure is repealed until the Alq^ thin layer reaches a desired thickness (Figs 

11-14). 



